The properties of vermicompost, green compost, and their mixes as substitutes for peat were evaluated regarding their recommendation for potting media. The mixes with a maximum of 50% of vermicompost or green compost had acceptable air filled porosity (AFP) and easily available water (EAW). In the vermicompost the level of organic matter (OM), dry bulk density (DBD) and shrinkage were acceptable; however, the AFP and EAW together were not at the recommended level in the different batches; as a consequence, vermicompost should not be used alone for potting media. In the green compost, the level of OM was low which increased the DBD and consequently the AFP was diminished. The particle size distribution (PSD) was different among peat, vermicompost and green compost. The coarse peat had the lower proportion of particles from 0.25 to 2.00 mm (41%) whereas the green compost had the lower coarseness index (CI: percentage by weight of particles larger than 0.5 mm in diameter), 48.4%. The direct effect of the PSD, OM and DBD in the water and air availability was confirmed. Moreover, there were high correlations between the OM, DBD, shrinkage, pore volume and PSD with the water release curve. Those properties should be considered in order to increase the level of substitution of vermicompost in peat-based potting media.
INTRODUCTION
The substitution of peat in potting mixes by compost may be limited by the characteristics of the compost. The addition of compost affects bulk density, porosity, water holding capacity and air space (Atiyeh et al., 2001; Hidalgo and Harkess, 2002) . The particle size of the components for potting media affects bulk density (Noguera et al., 2003) and shrinkage (Burés et al., 1993) . Moreover, there are fractions of particle sizes that increase the air content, and others the water content in the mixes (Verdonck and Demeyer, 2004) . The relationships among physical properties of components of substrates with the air and water availability have been helpful to determine their optimal proportion for potting media (Burés et al., 1988; Fernandez and Corá, 2004; Zamora et al., 2005) .
This study aimed to relate the physical properties of vermicompost, green compost and peat in mixes for potting media, and to define the relations between these properties that determine the air and water availability. Thus, part of the peat in potting mixes might be substituted by the vermicompost and green compost.
MATERIALS AND METHODS
The dry bulk density (DBD), shrinkage, organic matter content (OM), particle size distribution (PSD), water release curve, rewetting rate and moisture content of vermicompost, green waste, white peat fractionated in coarse and fine were determined in three repetitions according with the European Standards, EN 13041 (European Committee for Standardization, 1999) .
The vermicompost was derived mainly from paper mill sludge and apple waste, the green compost from pruning and the peat was a milled Baltic white peat. There were 228 four batches of vermicompost from different enterprises. These materials were mixed in various ratios. In order to compare vermicompost and green compost, ten to 90% of peatbased medium was replaced by vermicompost batch A or green compost (GC) in relation with fine peat: coarse peat, in the following ratios: 1:8:1, 1:3:1, 3:4:3, 2:1:2, 1:0:1, 1.5:0:1, 7:0:3, 4:0:1, 9:0:1. To have another set of mixtures with small, medium and high level of vermicompost, the proportion in the mixes of vermicompost batches B, C and D were 25, 50 and 75% (vermicompost: fine peat: coarse peat 0.44:1:0.31, 1:0:1, 3:0:1). The characteristics of the components and mixes were evaluated considering the recommendations for potting media (RPM). Data of the coarse peat is not given because it was out of the RPM). The relationships of the properties were analysed by ANOVA, correlations and estimation of parameters by linear regressions, with the Genstat 9 th , 2007 software. Particle size distribution was determined by weight with several mesh widths (Aendekerk et al., 2000) . Based on the fractions remained in the various mesh width (MW), several parameters were calculated such as coarseness index (CI: percentage by weight of particles larger than 0.5 mm in diameter) (Noguera et al., 2003) , MW 5 to 16 mm, the proportion of particles between 0.25 to 2.0 mm (PP 0.25-2.0), recommended for potting media (Abad et al., 2001) , the proportion of particles ≤ than 2 mm (PP≤2), MW 2 to 0 mm, and ≥2 mm (PP≥2), MW 2 to 16 mm.
RESULTS
The characteristics of the fine peat fell within the recommendations for potting media. The mixes with less than 50% of vermicompost or green compost had acceptable air filled porosity (AFP) and easily available water (EAW) ( Table 1 ). In the vermicompost the level of OM, DBD and shrinkage were acceptable (Table 2) . However, the AFP and EAW together were not at the recommended level in the vermicompost batches (Table 1 ). In the vermicompost and green compost the rewetting rates were higher in the first minutes than the fine peat ( Table 2) .
The PSD was different among peat, vermicompost and green compost i.e. coarse peat had the lowest PP 0.25-2, whereas, the green compost had the lowest coarseness index CI, which implied lower air availability i.e. low AFP and water at -10 cm suction ( Fig. 1 and Table 2 ). There were some good correlations between the OM, DBD, pore volume, shrinkage and PSD with points of the water release curve (Table 3) . Also, a high negative correlation was found between the OM and the DBD, which was negatively correlated with the moisture content and pore volume (Table 3) .
Furthermore, DBD, EAW, AFP, pore volume, moisture and shrinkage were estimated by linear regression as a function of the PSD, OM and DBD (Table 4 ). In the vermicompost, the OM and shrinkage were highly correlated with the parameters of PSD (Table 3) , which were different for the batches of vermicompost (Table 5) . Moreover, the shrinkage showed a good correlation with the AFP as it has been shown in mixes with peat and perlite (Heiskanen, 1995) .
DISCUSSION
The characteristics of the vermicompost from paper mill sludge and apple waste limited the level to which it may substitute peat. The large PP 0.25-2 mm in vermicompost decreased the EAW in the mixes (Table 4) . On the other hand, the AFP was increased at the same time as the shrinkage which had a high negative correlation with the PP≤2 (Tables 2 and 3 ). In the green compost the level of OM was low, which increased the DBD. It was negatively affected by the CI (Table 4) . As a consequence, the AFP was lower than required (Table 2) ; AFP showed a correlation with the DBD of -0.93. Moreover, the CI has been shown to be positively correlated with the air content (Abad et al., 2001) .
The OM was negatively correlated with the PP 0.25-2 (Table 3) . Because of this, the increase of vermicompost in the peat-based media caused a decrease in the easily available water which in turn increased the air filled porosity (Fig. 2) .
The OM in the vermicompost had also a negative correlation with the CI and PP≤2 but positive with the PP≥2 (Table 3) . OM is responsible for the aggregation of particles (Puget et al., 2000) . Consequently, the type and content of the OM affected the characteristics of the components and thus the mixes for potting media. The mathematical models gotten by linear regression may be used to select mixes with the required AFP and EAW for the specific plant requirement in potting media, basing on PSD, DBD and OM (Table 4) . Also, Fernandez and Cora (2004) simulated air and water relationships based on BD.
CONCLUSIONS
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